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道と豊後水道の調査定点7ケ所を加えた. (それらの地点は Text-fig.1 Iと示す).
Harima Nada OSa.K.i 
Text-fig. 1. Location of observation stations in白eSeto Inland Sea. 
次にとれらと比較するための朝鮮沿海の数値として，対馬海峡において4ヶ年乃至 19ヶ年
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Tab!e 1. oc明 nographica!data of the Seto In!and Sea (mean of Dec.， 1953-Sept.， 1956). 
是ROSbts.. D(empt)h water
tem開mture(℃)|| Speciacgmty(P15)N03・N(Y!L) 
。蜘118|1皿196lFM8ID1e8e.7M1Z鮒|!皿沼1i叫10n1h悶 LP6lh1n|相X |D且15 
TK4 25 1 12.51 20.21 25.61 19.01 1. 0251 1. 0251 1. 0251 1. 0251 - 1 tr 1 x 1 5
WK5 
。12.5 19.0 25.5 17.8 1. 025 1. 024 1. 021 1. 025 4 7 41 22 
25 12.8 18.0 24.4 18.9 1. 025 1. 024 1.024 1.0.ヨ5 12 12 41 29 
TK9 
。 9.7 18.5 25.4 16.4 1. 024 1. 023 1. 022 1. 024 3 4 × 22 
25 9.9 18.0 25.3 17.2 1. 024 1. 024 1. 024 1. 024 16 × 11 
WK4 
。 25.61 17.5 1. 024 1. 024 1.022 1. 025 2 6 35 28 
25 25. 1 18. 1 1. 024 1. 025 1. 024 1. 025 7 4 18 24 
HGl 
。10.3 19.1 25.5 17.1 1. 024 1. 024 1. 024 1. 024 4 7 14 68 
10 10.4 18.1 25.0 17.2 1. 024 1. 024 1.024 1.024 6 19 16 72 
HG2 
。10.4 19.5 22.6 16.3 1.024 1.024 1.023 1. 024 2 7 5 57 
10 10.0 18.5 25.0 16.4 1. 024 1. 024 1. 024 1. 024 2 7 6 76 
s OS7 。 9.7 21. 0 27.0 15.7 1. 022 1. 023 1.位21. 024 6 × tr 10 9.1 17.9 25.0 16.2 1. 023 1. 024 1. 023 1.位3 2 × 4 
OS5 
。 9.2 21.1 27.5 15..0 5 1. 022 1. 021 1. 022 1. 023 2 × 1 
5 9.0 19.1 24.7 17 1. 023 1. 024 1. 023 1.024 1 × 2 
0013 
。 8.4 19.7 27.6 15.1 1. 024 1. 023 1. 022 1. 023 3 4 38 
10 7.9 16.4 25.7 15.3 1.但41.023 1.023 1.023 2 4 36 
HG14 
。 8.4 21. 3 26.4 17.3 1.位41. 023 1. 023 1.023 2 56 
10 8.1 17.5 25.5 17.2 1. 024 1. 023 1.023 1. 023 tr 14 6 30 
KG9 
。 9.4 18.9 25.9 15.0 1.回41. 024 1. 023 1. 023 3 tr 25- 29 
10 9.1 17.8 25.7 15.0 1. 024 1. 023 1. 023 1. 023 35 tr 31 70 。 9.2 18.6 26.2 15.5 1. 024 1. 024 1. 023 1.023 23 5 41 KG4 10 8.8 17.5 25.9 15.2 1. 024 1. 024 1. 023 20 49 
OKl 
。 9.4 19.8 26.‘9 15.0 1. 024 1.023 4 1. 023 1. 024 6 
10 9.2 17.7 26.2 15.2 1.0ヨ4 1. 023 1. 023 4 8 1 17 
i OK5 
。 9.5 20.4 27.0 16.2 1. 024 1. 023 1. 023 1.024 2 7 12 
10 9.5 17.7 26.2 16.4 1.024 1. 024 1. 023 1. 023 2 4 2 18 
OK6 
。10.6 19.9 26.9 16.0 1. 024 1.024 1.023 1.024 3 4 4 
10 9.6 18.1 26. 1 15.8 1.024 1. 02渇 1. 023 1. 024 4 3 1 6 
OK7 
。10.2 20. 1 26.9 16.1 1. 024 1. 023 1. 023 1. 024 3 3 25 
10 9.8 18.3 26.2 16.1 1. 024 1.024 1. 023 1. 024 3 7 11 
2!?|明h| 柏町岡山 l spgp) N03-N (Y!L) Mar. 1 Jun. 1 S叩t.1Dぽ Mar.1Jun. I Sept. 1 Dec Mar. I Jun. 1 Sept. 1 Dec 
HS6 
。10.6 16.1 1. 023 1. 024 5 71 23 15 
ロ 10 10.7 16.31 24.1 17.1 1.024 1.024 1.0241 1. 023 7 9 5 17 
i HS5 。10.9 17.5! 25.4 16.7 1.024 1. 024 1. 0241 1. 023 8 3 tr 18 10 10.8 16.3 24.2 17.1 1.024 1. 024 1. 024 1. 023 20 19 21 YGll 。10.3 18.3 25.7 16.6 1. 024 1. 024 1. 023 1. 024 14 3 1 7 10 10.5 16.3 24.7 16.7 1. 024 1. 024 1. 024 1. 024 12 5 3 6 
HS2 
。10.1 19.4 26.4 16.1 1. 024 1. 022 1. 020 1. 023 4 35 14 16 
10 10.51 16.41 24.41 16.41 1. 0241 1. 0241 1. 0231 1. 023 ー 6 12 5 
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EH12 
。11. 9 17.3 23.0 18.4 1. 024 1. 024 1. 024 1. 024 tr 
10 11. 6 15.9 22.5 18.8 1. 024 1. 024 1. 024 1. 024 tr 
YG5 
。11. 4 17.7 24. 7 18.5 1. 025 1. 025 1. 024 1. 024 4 2 6 7 
10 11. 4 16.8 24.4 18.9 1. 025 1. 025 1. 024 1. 024 5 2 4 7 
YG9 18.2 25.2 18.8 1. 025 1. 024 1. 024 1. 024 10 3 14 10 1 11. 4 16.4 24.9 18.9 1. 025 1. 024 1. 024 1. 024 15 8 4 25 
EHIO o I! 12.3 17.1 23.8 18.<: 1. 025 1. 024 1. 022 1. 024 25 1 12.6 16.9 22. 7 18.9 1. 025 1. 024 1. 02 1. 024 x 1 tr。10.2 17.7 25.9 17.1 1. 025 1. 024 1. 024 1. 024 7 YG4 10 9.8 17.2 24.6 17.3 1. 024 1. 024 1. 024 1. 024 9 
YG2 
。 9.4 18.0 25.8 17.2 1. 025 1. 024 1. 022 1. 024 2 8 
10 9.3 17.3 24.6 17.3 1. 025 1. 023 1. 023 1. 024 5 2 67 
FK3 
。 9.8 23.0 24.7 13.9 1. 024 1. 022 1. 023 1. 024 5 3 
15 9.6 20.0 24.6 13.8 1. 024 1. 023 1. 023 1. 024 6 3 2 
FK6 24.0 25.6 13.0 1. 024 1. 022 1. 023 1. 024 3 I 2 1 5 1 10.2 21. 1 24.5 13.0 1. 024 1. 023 1. 023 1. 024 
12.3 17.1 24.4 18.4 1. 025 1. 024 1. 023 1. 024 tr 4 
25 12.5 17.0 22.6 18.7 1. 025 1. 025 1.024 1. 024 × tr 
EH4 
。12.8 17.5 23.6 19.2 1. 025 1. 025 1. 024 1. 025 × tr 6 
25 12.9 17.4 22.3 19.3 1. 025 1. 025 1. 024 1. 025 × tr 4 
EH5 
。13.9 18.3 25.4 19.3 1. 025 1. 025 × tr 
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Text-fig. 2. Location of ob喧ervationstations in Korea. 
Table 2・1.SectionaI observation data of Tsushima StraIt. 
1. Water temperatur官('C)
(Fusan -Tsushima， mean of 1922-1940 ) 
Obs St i DZ?i|JmlFeb1Mar|Apr1MふJunいul. ¥A暗 ¥S巴pt.¥ Oct. I Nov. I D民
I 
。一山 12.0円山 18.0 20.4 24.3 25 14.8 16.6 18.5 19.51 19.5: 17.01 15.2 。 ~~. ~i ~~.!I ~~. ~I ~~. ~I ~~. ~ 18.0 21. 4 25.8 24.81 22.01 19. 1 16.4 I 25 14.41 13.01 12.51 13. 1 14. 1 15.8 17.0 19.5 22.01 21. 71 18.51 16.0 
25.21， 22.4 肌 61 17.0 111 
。 !~. ~I !~. Z. !~.?' !~. ~I !~.! 18.6 22.4 26.3 25 14.81 13. T 13. 1 13.51 14.6 15.8 17.5 20.8 23.2: 22.11 19.11 16.8 
IV 
。 15.41 14.3 13.9! 14.41 16.0 19.2 23.0 26.3 25.51 22.91 20.61 17.8 
25 15.41 14.3i 13.7 14.11 15.3 17.4 18.3 21. 8 24.~ 22.~ 20.31 17.6 
V 
。 ~~. ~I ~1. ~i ~~. ~I ~1. ~I ~~.! 19.4 23.4 26. 1 26.01 23.51 20.71 17.8 25 17.6 19.7 22.4 24.41 22.61 20.61 17.8 
VI 
。 15.6 14.2 13.81 14.41 16.1 19.2 22.5 25.7 
25 15.6 14.2; 13.61 14.11 15.7 17.9 19.9 22.5 23.81 22.41 20.31 17.6 
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( Ulsaki-Kawashid・misaki，mean of 1932-1940) 
bs.St.1古川加 I~~ar.1 APr.1 May 1 Jun. 1 Jul.I AUg.!S巴pt.1伽 INov.1恥
1 
。山「 M|山 13.425 13. 91 12. 21 11. 61 11. 81 12. 3 13.71 12.31 16.01 18.51 18.21 15.9[ 15.2 
2 
。 14.91 13. 1 12.41 13.31 14.9 17.21 20.8' 24.11 23.71 21. 51 18.4! 16.5 
25 15. 1 13.2i 12.41 13. 1 14.3 …;|l149i| IM20・71 2ω18.6 町
3 
。 15.51 13.21 13. 1 13.71 15.6 18.0i 21. 71 25.91 24.51 22.41 20.61 7.7 
25 15.61 13. 21 13.21 13. 71 15.0 16.9117.5119.7123.6122.6120.3117.9 
4 
。 15.4 は ~I !~.21 は 51 15.2 
25 15.51 13.21 13.01 13.41 14.8 
5 
。 15.51 13.31 12.81 13.51 15.3 185226266124922207175 
25 15.61 13.31 12.81 13.41 15.0 17.11 20.21 22.51 23.51 22.81 20.71 17.7 
6 
。 15.61 13.91 12.91 13.51 15.6 18.22.626.6125.422.20.417.7 
25 15.71 13.91 12.91 13.41 15.2 17.21 19.71 22.6] 24.41 22.7i 20.6[ 17.9 
7 
。 15. 81 13. 91 13.21 13. 81 15.7 18.61 22.91 26.61 25.41 22.71 20.61 18.2 
25 15.81 14.01 13.31 13.61 15.2 
8 
。 16.01 14.31 13.41 13.91 5.9 19.11 22.91 26.81 25.6i 23.01 21. 1 18.3 
25 16.01 14.31 13.61 13.81 15.4 18. 1 19.7! 22.51 24.31 22.91 20.81 18.5 
9 
。 16.01 14. 1 13.51 14. 1 16.2 19.41 23.51 27.01 25.71 23.21 21. 1 18.4 
25 16.01 14.0i 13.51 14.01 5.8 18.81 20.71 23.91 25. 1 23. 1 21. 1 18.7 
10 
。 15.71 13.91 13.41 13.91 16.2 19.51 23.61 26.91 25.71 22.91 20.81 18.5 
25 
| | 1 。 15.41 13.51 13.01 13.41 15.7 19.21 22.71 26.41 25. 71 22.71 20. 51 18. 1 25 15.51 13.41 13.01 13.31 15.3 18.61 21. 5! 24.41 24.91 22.51 20.61 18.3 
I. N03-N (γ!L) 
( Ulsaki -Kawashiri・misaki，m回 nof 1932-1935) 
ωs判官)h1川F也 1Mar.1 A戸|地yI Jun. 1 Jul.1 A昭 1Sept.1仇t.1陥 ".1恥
。 54 (31) (33) 29 4 7 7 
25 56 38 21 42 8 40 30 1 1 1 33 1 85 
2 
。 57 54 29 21 3 。。 3 91512134 
25 (56) 48 40 25 25 4 (73) 10 10 7 7 48 
3 
。 48 59 37 26 3 4 6 3 4 
25 55 (59) 52 32 47 9 6 (127) 4 (11) 1 2 1 23
4 
。 41 55 (36) 30 8 4 15 。 3 21322 
25 (57) 50 50 28 13 4 10 5 5 5 ! 10 24 
5 
。 41 51 49 31 4 4 2 。 5BJ l 231 | 3 18 
25 58 60 51 30 4 15 5 19 4 19 
6 
。 55 (464 〉 50 32 4 。 9 4 3 20 
25 54 57 34 8 12 9 26 7 5 2 18 
7 
。〈4591〉 47 49 48 4 4 3 3 5 1 20 
25 58 47 47 6 18 10 8 3 6 2 25 
8 
。 45 58 37 28 3 。 4 。 5 3 1 20 
25 47 60 42 40 6 12 10 10 7 3 8 38 
9 
。 38 48 42 39 4 。。 7 4 8 23 
25 41 46 43 38 8 12 9 20 8 7 1 24 
10 
。 35 49 39 36 4 12 8 1 2 2 7 
25 39 41 39 5 15 8 15 7 3 10 8 
11 
。 20 30 34 16 3 。 6 3 4 17 
25 22 34 27 11 5 12 6 5 6 6 1 1 12 
1959 (2) 広大水畜産紀要 2256 
Table 2-2. N03・Ncontents of sea water at western and southern ∞ast of Korea. (γ!L) 
lst Observation (3-7， Sept.) I 
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Table 6. Maximum and minimum of wat巴rtemperature in winter in the Seto lnland Sea 
(1918-1930， monthly). ("C) 
Bisan-seto 
? ? ? ?
? ? ? ?Southern part of Kii-suidd 































Table 7. 0∞anographical data of Tamashima Nori cultural ground ( mean of Oct.， 1953-Mar.， 1956 ). 
Month I Decade 1 A. T. CC) W. T. CC) Sp. gr. (P15) 
first 20.2 22.8 1. 019 
Oct. second 18.5 20.4 1. 020 
last 17.9 19.4 1.021 
first 此 4 17.2 
Nov. s巴cond 12.0 14.7 
1. 021 
1. 020 
1. 020 last 1I 12.8 13.9 
first 10.7 12.4 
De二 seocnd 8.5 10.8 
1. 020 
1. 021 
1. 021 1ast 1 8.5 9.3 
自凶 5.9 8.6 1.020 
Jan. 5己cond 5.8 7.5 1. 020 
~" 5.o 7.3 1.021 
first l' 6.2 7.4 1.021 
Feb. second 5.6 7.9 1. 022 
last 7.6 8.5 1.021 
first i: 6.7 9. 1 
恥1ar. second 9. 1 10.3 




Table 8. Oceanographical data of Fukuyama Nori cultural ground ( 1955-1956 ) 
Month D即時 1 A. T. CC) 1 W. T. CC) 1 Sp. gr. (内5) IN_03-N(i，/L)_1 Nlf3-~_(~/L) 
仕t. I器ndlliU13jト
十l4Ill-J17J
lnrst 190|135i(f i:;ji! 
~ _ • ~ ， ( H 1. 022 
Dec. secoud ，1 9.7 10.6 1 i L- i: iO6 
I! ~. ~ ~ ( H 1. 023 
lー に一二一;ン|{汁;J-jl 33 
imnd l731Ml{r l:1; ぷ 23
159171 1{T1:。;i iZ|27 
11||if.024R I 
lamtll55I58jb fljiii l 
se叩 nd 1 6.8 7.7 1 i L' i: ioj 1臼!
||2.7110.11!H1.02246121 1 1"-. I lV. 1 i L 1. 007 83 
1173l F1-rRii i 
1 . ~ _ " ~ ( H 1. 022 
Mar. seωnd 1 19.7 13.2 i j i.: i: UO7 
last 1 22.5 山
( H -High tide ， L-Low tide ) 
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Tab1e 9-1. Oceanographica1 data of Hiroshima 
Nori cu1tura1 ground. 
( mean of 9 yrs. ) 
Mon出 ID低減 1W. T. (仁。c)川ISβp.grい
1 first 1 23.0 1. 023 
Oct. 1 second 1 21. 8 1. 023 
1 last 1 20.2 1.023 
1 first 1 18.5 1. 023 
Nov.lsecondll 17.4 1.023 
1 1ast 1 15.7 1. 023 
14.3 1.023 
13.3 1.023 
12.0 1. 023 
10.8 1. 023 
10.4 1.023 
9.7 1. 023 
1 first 1 9.2 1. 023 
Feb. 1 second 1 9.2 1. 023 
1 1ast 1 9.5 1.022 
1 first 1 9.8 1. 023 
Mar. 1 second 1 10.5 1 1. 023 
1 1ast 1 11. 5 1. 022 
Tab1e 9-2. N03・Ncontents of sea water at 
Hiroshima Nori cultura1 ground. (-y/L) 
(mean of 1954~1956) …i司可L一…ω i げ川川B勘制帥e1尚0
Jan. 1I 一 (



























Tab1e 10. Oceanographica1 data ofBungo-Takata Nori cultural ground (1955~1956). 
Date W.T. Sp. gr. N(07/3-LN ) CC) (P15) 
16， Jan. 7.0 1. 023 25 
19， Feb. 7.5 1. 024 13 
27，孔1ar. 11. 1 1. 023 22 
26， Apr. 15.6 1. 022 18 
23，恥1ay 19.9 1. 022 23 
23， Jun. 25.0 1. 021 42 
21， Ju1. 28.5 1. 021 58 
22， Aug. 28.0 1. 018 42 
20， Sept. 26.3 1. 023 60 
27， Oct. 19.4 1. 023 53 
18， Nov. 13.6 1. 023 110 















Table 11. Oceanographical data of ChikutδNori cultural gr∞nd ( inKorea ).
Mor巾 I Dec峨 1 A工 (OC) I W.T (OC) 1 Sp・的15) I N03州 f^/L)
I first :1 18.8 20.9 1. 023 弘 5
0::1. second 17.1 19.2 1. 024 15.0 
last 12.6 17.4 1. 024 24.5 
1 first 1 9.8 15.1 1. 024 27.0 
Nov. 1 second 1 10.1 13.7 1. 024 38.8 
l:lst ，1 9.9 13.o 1.025 54.7 
first I 9.4 12.2 1. 025 
Dec. second 1 4.8 10.6 1. 025 
last 4.7 8.6 1.024 
first '1 可 l7.8 「寸;函
Jan. second 0.1 6.7 1.025 
1国t i 一1.1 5.8 1.025 
fi凶 |i2.416.111.但5
Feb. second;1 2.4 6.4 1. 025 
last 3.2 7.3 1.025 
first 1 2. 7 6. 5 1. 025 
Mar. second 1 6. 2 6. 6 1. 025 
last '1 8.o 1O.1 1.025 































































が実態である.従ってノリは 12時間もしくは 6時間に I固とのような淡水乃至低比重海
水にさらされることとなる.特l乙内海では波浪が弱くしかも干満の差が比較的大きいた
め，川裾の漁場ではこの傾向が強く 10乃至30cm位の薄層として広がる乙とが多い.とれが







よってまず同一条件で培養しているノリを種々の低比重海水(1.000，1.004， 1.008， 1.0 




態を観察記録し，それらの異同によって比較した.長さ 3cm内外， rjJ 4mm 内外のややひ




Table 12. EfI"ect of the sudden change of cultural m巴diumspecific gravity on the growth of 
Nori-frond. 
[Exp. 1 J (巴xp.1st-20th， Mar.， W. T. 12士IOC)
1 Sp. gr. for 1 Area offronds 
No. of Exp. 1 sudden 1 Before 1 After 1 Growth 1 Note 
I change /1 culture I culture I rate 
( 1 巴ω)! !l( (叫叩ω2り小)， … (lA伽ωa吋…10切…oωsS釦ud剖d巴 ch加1羽ange¥ 1. 0∞0o 1.8位2 I. 8問8 2 tωurn吋 slig酔:htl町yred， and has di長d
fω30min. aday) 1 -. --! -. - -. - - partially on the last day. 
2 !1 On the 3rd day， show巴dabnormali・e凶 enchan酔 )1 I側 1116-i-ltyin∞lor and lustre， and di巴d
for 4 hrs. a day JI I1 1 after 14 da ys. 
! On the 3rd-6th day， the color 
(3) 71J47l7l訪問問lzm説
'1 1 was broken. 
-4-----1---- -， 
(H)1101210ω 1.54 I 157 Asabove， but…what better 
5 i : On the midst， vitality is vigorous 
(1/) 1. 016 1 0.63 i 2.22 I 252 I and color ton巴isgood as th巴
I1 i i fioIlowings. 
6 i i Color and lustre are healthy 
( 1/) 1. 020 1 O. 68 2. 71 1 298 I througho叫t，anddoes not di宵erfrom 
I1 i No.7 macroscopicaIly. 
(…ω) 1ω!1051 1245!ml… growth 7 1 
only sea water J! :i 
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〔Exp.nJ (exp. 1Oth-25th，Mar.， W.T.12。土IOC)
Sp. gr. fcω1I Area of fronds 
No. of EXD. 1 ___~_，__ 1 ~_，.___ . ，._ '''_____.L Not怠
い l 立提言能|組問|匂ア 1
1 (cm2η) (いcm2り): 1 5t白hda符y，∞l 町削tω刀:oneb 即悶ame刊W。ωrse関軌， 
(倣?蹴均n哩些哩dr!f!ぺ土出出口巴1_6土竺Ei二?ιi__51尚Nr詣紅伊?叫出…
i 1 : I I 3rd 吋 d何a符y，became reddish， 10唱ing
(sm172112y)|1.似 1 4. 10 3.97 -3 詑$1222}拡Jth出y，two
1 18th day， color and lustre becam崎
/1) 1. 008 1 4.08 6.49 1 59 1 worse， and marginal parts of 
1 1 fironds fel ofl" partially 
!) 1. 012 1 3.41 I 8.ω135 I ~~::o~~!l~'::~ぬ， 1何時
.1. V.l 1 ..1.""1'.1. u.vv J.JJ I c:haracteristic noriωlor. 
~\ 1n1<: 1 A1A 111<: ，.，n 1 Normalhealthygrowth，relatively. (/1) 1.016 1 4.14 1 1.16 1 170 1 
(/1) 1. 020 3.43 12.22 mlLP山 y，stil show a叩 rousvitality. 
Font叫7伽叩) 1. 024 3.00 10.41 247 1 As above， normal growth. 






次l乙比重の種類をl.000，1.010， 1.015， 1.017， 1.020， 1.023， 1.027及び1.030の8種類，


































.17 JO ISI7且'" .2.3 10 。
HJ ，. 17 :w .:l3 
Specific gravity (PI5) 
Text-fig. 3. Effect of the sudden change of cultural medium specific gravity on the growth of Nori-frond. 
~7 30 
Specific gravity (PI5) 










の7種， 1日の浸漬時聞を I分， 2.5分， 5分， 7.5分， 10分， 15分の 6種として同様












① 今回の実験の範囲内では浸漬海水比重0-1.0025の聞では1分間， 1. 0025 -1. 0075 
270 広大水畜産紀要 2 (勾 1959




o .2.S' $:0 7;.~ I() 13 
Specific gravity (P15) 
よ~ ~O 7.S /0 13 17 17 
Specific gravity (P15) 
Text-fig. 4. Effect of the sudden change of cultural medium specific gravity on the 
growth ofNori-frond. 






















































HS 21 (Text-fig. 1参照〉の測定値を参考としてかかげた.
Table 13についてみるに，気温と水温とは広島が最高大也島が最低で竹島はその中間
にある. しかも大也島の時期的変化の傾斜は急激で広島のものは緩慢である.その差は気温
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…白 |い恥悶…d必イいeイ1
Jan. 
Table 13・2.Valu悦 ofN03-Nωntents observ巴dat Chikutd and Taiyatd Nori cultural ground ('y/L) 
chikutd Taiyaめ
Month D巴cade 11-------，------
|Value I M伺 n，monthlyI V山 IMean，mo刷
協 Jd l54.ill8i 
1 60.6 24.5 
second 1 70.9 67.6 28.0 
1 71.0 27.5 
蹴 ond ll7Ml7M l36.313M 
同 t 1 位 7 37.5 
first 1 67.1 37.3 
second 1 7O.5 66.4 37.3 
second 1 24.2 26.2 18.2 
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Table 13・3.Valu凶 ofNO3-Ncontents observed at Hiroshima Nori cultural ground. (i'/L) 
1 1 9 5 4 1 1955 1956 
Month !I-------，一一一一一一一一
1 Surface 1 Below 5m 1 Surface 1 Below 5m 1 Surfi島ce 1 Below 5m 
Jan. ----
Feb. 一一 24 6 
M侃:ー-- 29 11 27 100 
Apr. -- -- 89 
恥1ay 18 85 38 96 48 
Jun. 7 3 6 113 53 
Jul. 7 1，360 67 54 
Aug. 99 17 12 7 
Sept. 149 81 8 
Oct. 116 4 44 35 
Nov. 22 3 12 






さて移植試験は竹島で種子付した割竹筏を 11月 1日に大也島に移植し， 2時間及び 4時
閣露出として培養したものと，広島で種子付した築を 1月 9日に竹島に移植し 4時間露出
として培養したものと，これら移植した築と同様の条件で竹島及び広島において対照として
培養したものとの相互の比較によって行った.即ち広島芽広島生育 (4時間露出)， 広島芽












充分な生長がみられず，却って 2月末乃至 3月中旬(水温 3.0-4.10C) に至って急激な
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Table 14・1.Variation of crop of Nori by transplantation. (gr.) 
( Grown at Chikutd， bud form Chikutd ) 
Duration of Date of harvest 
Species of laver 
Dω31 i Jan28 I Feb. 20 1 Mar. 171 Apr.7 Total exposure 
Porphyra 65.0 652.0 120.0 60.0 60.0 957.0 
2 hrs 
Enteromorpha Z如.0 180.0 13.0 25.0 14.3 522.3 
Porphyra 145.0 720.0 315.0 192.8 167.2 1，540.0 
4 hrs 
Enteromorpha 95.0 100.0 95.0 47.0 6.7 343.7 
(Grown at Taiyatd， bud from Chikutd ) 
加 r臥訂 Sムlaver 1 D白川加 61 Jan. 28 I Feb. 20 1地.r.171 Apr. 12 [ Apr判 T側
Porphyra 470.3 368.5 306.6 625.8 663.7 
2 hrs 
Enteromorpha 20.5 9.9 9.0 74.6 
Porphyra 270.9 245.5 219.1 191. 2 283.6 313.0 336.2 
4 hrs 
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Table 14・2.Variation of color tone and softness of Nori by transplantation. 




























。 。 。 。
????? ??
。 。 ? ?
Feb.25 Mar.17 Mar.28 










100 4 hrs. 
( Grown at Taiyatδ， bud from ChikutO ) 
41 







2 hrs. 5 40 30 
Yellowish 
40 10 35 
4 hrs. 5 10 45 I 30 20 30 
50 
Softness 
2 hrs. 雨戸-gs-I 60 i 50 45-ゴ「
75 70 4 hrs. 60 I 90 85 
























Table 14-3. Variation ofconstituents ofNori-frond by transplantation. (% in dry matter) 
( Grown at Chikuto， bud from Chikuto ) …叫 Cons… 1…IJ日 IFeb.20 I Mar. 17 1 Apr.7 
l… i|767171815f5601432 
Crud巴protein 1I 47.9 44.9 35.1 i 35.0 27.0 
Reducing sugar :1 25.0 27.2! 36.0 33.5 I 42.9 
2 hrs. I Residue of above 1 34.5 29.8 28.9 32.4 32.4 
Cr帥 pro旬inin悶 due ，1 42.0! 32.6! 24.6 1 29.0 21. 6 
Crude fibre 20.0 20.1 21. 8 1 23.0' 25.4 
Ash 9.5 10.0 9.6 i 9.3 7.8 
Total-N 7.40 7.28 I 6.44 i 6.35 ; 4.65 
Crude protein 46.3 i 45.5 1 40.0! 39.7 i 29.1 
Reducing sugar 1， 29.4 26.8 33.0 34.2 I 43.7 
4 hrs. Residue of above 34. 0 34. 6 I 27.6 I 32. 5 1 32.6 
Crude protein in residue 43. 8 I 42.2 27.9 38.5 31. 3 
Crude fibre 19. 1 20.0 19.9 I 20.0 22.4 









(Grown at Taiyato， bud from Chikutδ) 
ωtuent I!DeC山叩 6 I Jan.28 1…片山r










































33. 1 34.3 
30.8 27.2 
38.3 19.9 
19.0 21. 8 
9.4 10.0 



































の後春になり 12，30Cとなる頃生育の時期を終る. 時期中にも 150Cを超えると成長を著
しく阻害される"と植田2)によって述べられている. また松平ら48)によってノリの光合成
の温度の臨界点は 13.8T及び 15.80Cにあることがみられている. また胞子の発芽につ




















































280 広大水畜産紀要 2 (2) 1959 
よってまず種々の化合形態の宝素化合物を用い， 窒素量として 0.001%の濃度とした培
養液を作りノリに往復運動を与えて培養し， その閣の面積増加率及び色調の観察の結果iと






Table 15. Efl"ect of the form of nitrogenous compounds on the growth of Nori-frond. 
(exp. 23， Apr.-20， May， W. T. 10土IOC)
Area of fronds 
1 
Sourωofnitrogen 
B出 rSIAhrlGrowth Reddish I Bluish I ~hllOW~1てiEsIhlack主
culture I culture I rate 
Natrium nitrate 77.8 
(~m--，) I 
240.8 209 1 25 45 25 
Caicium nitrate 68.6 214.6 213 25 45 25 
Ammonium nitrate 68.6 177.2 158 25 10 50 20 
Natrium nitrite 81. 6 215.0 164 。 10 70 20 
Ammonium sulphat巴 66.1 133.2 102 25 10 50 20 
Ammonium carbonate 62.3 166.2 167 25 10 50 20 
Ammonium chloride 79.9 184.9 131 5 15 50 20 
Ammonium tartarate 62.5 133.3 113 20 10 50 20 
Ur，巴a 92.2 244.6 165 。 10 70 20 
Control (only sea water) 84.9 128.4 51 30 70 。
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0.01 15.6 39.5 153 100 80 40 100 
0.001 9.0 21. 6 140 1∞ 80 40 100 
0.0001 16.3 38.6 137 100 80 40 100 

















































































































































Text-fig. 6. Culture apparatus of rotating 
motion type. 









































Table 17. Effect of the velocity ofwater current 0叫 thegrowth of Nori-frond. 
EXP.I (numb釘 offronds16， exp. 7~20， Feb.， W.T. 10士IOC)

















































































































































































































































Exp. m (n四nberof fornds 16， exp. 21， Feb.-12， Mar.， W.T. 10.5土I.C)




















33 11. 17 
20.21 
7 190.8 




115 281.4 130.6 






16 161. 2 139.1 
114.0 50 ぷ030 30 6.48 ー 70.102 -11 101. 8 











??48 11. 69 
16.36 
7.91 67 40 139.1 
113 7.68 137 0.287 
0.199 
















121. 1 135.3 

















































































































































































































































63 3.56 4.04 14 75 70 50 10 
146 2.87 5.55 93 90 70 50 5 
197 2.99 7.57 153 100 80 50 5 
3.04 8.12 167 90 75 50 5 
2.41 2.73 60 50 70 40 






























































































の篠竹に長さ 3cmのノリを 8乃至 16枚附着させたもので， ノリ葉体の間隔は約7乃至
3.5mmとなり葉体聞の海水の流通はかなり容易に行われたものと思われる.






状態のものに対する水流の適度を知らんとした. 実験 Iの葉体数は 8，48，64，88枚つけた
ものと 8，32，48，88枚つけたものと 2通りとしたが， ノリ葉体の間隔は平均8枚のもの







(exp. 30， Dec. 
-13， Jan.) 
B 



















































































































































Table 19. Efrect of water current at high density of th巴frondattachment. 
(48 fronds / 3.5 cm stick) 
lド円一Velocω叩e伽似叫I恥凶M邸刷i比川t
(阿c叩mjβ刷s鴎蹴削巴旬叫cの)1町訂瓦弔5瓦r-:TG言恋rEh( N附帥
!I (cm2) 1 (cm2) 1 
20 :1 6.54 1 10.58 1 62 i) Healthy， and find no macroscopic 
30 1 6.10 1 1l. 19 1 83 If dift目erenceeach other. 
40 1 5.97 I 8.90 1 49 I Color tone is good relatively. 
50 1 4.88 1 7.師 1 45 1 





























の実験も流速は円運動によって起 ζす方式をとり，一対ずつ 2回計 4回行った. 流速は
K 岨b n4 re 
j司~ 6・
、。判


















Velocity of current 
E却eriment
・ーーー -ー t 
。・ー 。ー 官





Text-fig. 8. Eflect of the water current on the attachment of spor凶 (afterattachment). 
293 
0，7，15，25，40，70 cm/secの6種とし， 結果はそれぞれの実験の最高の着生数を 100とし
た百分率であらわしそれぞれ Text-fig.7及び Text-fig.8 I乙示した.
Text-fig.7についてみるに，胞子附着時の流速は 7cm/secのものがいずれも最も良好で
あり，これより早くなるにしたがって漸減し， 40 cm/secでは 7cm/secのものの 20%内
外に過ぎず 70cm/secに及ぶと殆んど着生し得ない.他方流速 Ocm/sec即ち静止している
ものは 7cm/secの半数以下となっている. 次に附着後の流速の影響を Text-fig.8につい
てみるに，若生の良好な範囲が前者に比較し著しく拡大され 7cm/secから 25cm/secまで
殆んど同数となっており，これより早くなると減少はしているが附着時の場合のように急激

































Table 20. Relation betw民 nth巴growthof Nori fronds and the water current of sea water at 
low specific gravity. (exp. 14-28， Jan.， number of fronds 8) 
fβlJSlodyl …o臨… Note i | 2m0 |1 (1切f押問V守i| i?釘;i 1u 0U| ) G白伽rown山1tωωo al同a紅叫r喝g巴刊s剖iz軌e鳥引い山，パ，ir註加nah加lar庇mor~V 1 ，. ，. 1 .v.v 1 .v 1 ~ form. Color light yellowish a Iitle， 
1 A 1 30 1 6.36 1 12.84 1 102 1 L I~s~re ~刷.
I .1 1 An 1 <; 0<; 1 1 n O.il 1 !1A 1 Small in size， color lost bro明nand add 
1 40 !I 日 5 1 批判 1 84|gmhh 











Norm:ll， color and lustre good. 
Same as above， but somewhat yellowish. 
Color and lustre worse， frond thin re-
latively. 


























Table 21. Eflect of the wat巴rcurrent on the growth of Nori fronds cultured in an oligotrophic 
S巴awater. 
Exp. 1 (exp. 14-28， Feb.， number of fronds 8， W. T. 10士IOC)
1 Velo:ity 1 Area offronds 
Series of exp. 1 <:f 叩.r.~~~t!1 Before After I Growtth I Not巴
(cmj蹴):1 ~~~~~re 叩it~re ~~~t~ HU 1 
(cm2) 1 (cm2) 
15 I1 iO.07 I i5.66 55 l' 'V. v， I 'J VV JJ! Color and lustre of 30αnjsec is best， and 
20 8.41 I 13.56 61 
30 6.64 13.05 97 
20 cmjsec next， and follows 40， 15， 
40 7.94 12.46 57 and 50 cmjsec is worst. 
50 9.00 13.67 52 
15 6.92 10.57 53 
20 7.25 12.0~ 66 
2 30 7.06 13.92 99 
40 7.33 11. 67 59 
50 8.03 12.06 46 
一一一一一一一一一一一一
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75 I Color yellowish， somewhat lustreles日s.
84 I Frond th!n a litle， grow出 ra血.erab-
nοrmal 
91 I Growth state good. 
94 I Growth state very good. lustrous. 
71 I Color and lustre good. 
59 I Growth state worse than above. 
!と010示品orebrownishコ扇面瓦示 -90 I compared with those of series A. 
115 I Growth state good. 
119 I Gro:-v~ up mo唱tproportionally of the 
whole. 
107 I Good growth. 
85 Iωlor tone good， but break out porus 
fissures in part of fronds. 







































原液とした. 実験に用いた富栄養海水はこの原液を 0.1%加えて作成する. その一般分析
値は Table22附表として示した.培養実験の結果は Table22の通りである.
Table 22. EfI"ect of the water curr巴nton the growth of Nori fronds cultured in an 
eutrophic sea water. (exp.16-30， Mar.，W. T. 10_120C) 
IVelocity ofl Area of fronds 
Series of巴XP.1 current 1 ~_，._ ，. ，._ 'r" __，_ Note 
1" 1 ，':'':'_';':'..~ 1 Before i After 1 Growth 1 
I (cmj蹴>11叩ltum|culturelrate| 
1 (cm2) 1 (cm2) 1 
A 0 1 7.53 1 12.04 1 60! Color and lustre good， but inferior 
(add吋 0.M l516.00112.11|102i to tMmore-
NaN03) 16 1 7.78 1 17.93 1 130 I 
26 1 6.82 1 14.55 1 113 1 
B 
(added 0.01 % 
NaN03) 
C 























?????Nearly same as the above. 
Keep always the proper color of 
Nori-frond. 





Additiona1 tabl巴:Constituents of the completely decompos吋 faec巴sand urine. 
NH3-N 0.225 % 
N02・N trace 























































































Tcxt・fig.9. E行・'ectof the current and temperature of cultural medium on the growth of Nori-fronds. 























Velocity of current 
16・C: All f'rond~ 
iaJ.1 
.30 cm / deC' 10 20 
Velocity of current 
。 。
Text-fig. 10. Eflect of the current and temperature of cultural medium on the growth of Nori-fronds. 






では普通の海水で lOcm/secの程度とみなされる. ただここに注意すべきは， 上の考え方
からすれば，栄養分が豊富であって水温が高ければそれだけ代謝が進み生長が促進されるか
ら，これに強い水流が加われば生長は伺処までも助長されると考えられるが，水温にもおの









































また木下らによると 1cm2に切った 12月のノリの葉片を昼光色盤光灯を使用し， 1r-
150C にて 10日閣の娠盤培養をした結果では 6，000Lxの光のもとで最高の生長を示すとい
う. しかしこれは細胞分裂が 10，000-6，000Lxの聞では光の強さの低下に伴って旺盛と




































Table 23. Effect of the kind of light source on the gro帆 hof Nori-frond. 
(Duration of irradiation 10 hrs.，回p.8-23，Dec.，W. T. 10oC) 
Area of fronds 
Be面白 iAfter--T Growth 
culture I culture I rate (ra l i23132[Fmndsbrownih出in;
J~ I abnormal C削 lamplSea wa回∞ly
|531す制03l 920| 
Ordinary町 iclSeaw制 onlyI 8.82 17.55 I 99 
lamp 一一一一一一一一一|一一一一一|一一一一一!一一一一l
MOU) (313忠弘 8日 19.80 I ω | 
Jnfrared批 tricI sea w抑 rmlvI8.77111091721Nea如 lormal;faint1y !tO...J¥"IU YV"""J. VLJ.lJ  u. f I J.J. V7 I~ rddish 
lamp 一一一一一ーレ一一一|一一一一一!
l bw蜘+| ω I 1日 o | 74 1 N即 Iynormal;偽凶Y
1 0.01% NaNO3 I U.，/.J I J.J. JV I l-r巴ddish
F日lu附1
+刊In凶仕frar，吋el恥刷閃刷td品副己副IIOJ'-'" n u，，，，，，J. V J.J.J.J I .LV. JJ ""7. UU J.，J. S鈎om鵬ew油haωtr，吋disぬh 
MEoOOLX)lS銅山t..1一一|一一一|一一|: ，，~~~:-:_.~~ I 9.55 24.99! 162 I Normal |0.01%NaN03l'l|| 
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Note Culture medium Kind of light 
Rather better than above 
Brown， somewhat bluish 
Nearly normal 















・ー。"，・'"D .."・400 3S0 • 畠・
Wave Iength 








Table 24. Effect of the duration of irradiation on the growth of Nori-frond. 
(Use: f1uor官∞喧11larnp3，000 Lx，臥p.15-30， Dec.， W. T. 1O'C) 
Area of fronds 
Dur. of irrad. 1 Before I After I Grow出 I Note 
culture 1 culture 1 rate 
(h尚 一 r~.J函ぢ(而) -- ---下一一一一一 -
: 11. 67 I 42. 87 239 I Buff，削herreddiぬ
15 I1 14.20 46.24 22五 iBufi' 






17.01 77 Appear blackish 
20.23 50 I Brownish 












Tab1e 25. Effect of the intensity of Iight on the growth of Nori・fronds.
Exp.I (Use: f1uorescent lamp， dur. ofirrad. 10 hrs.， exp. 22， Jan.-8， Feb.， W.T. 10士 l'c)
Ar回 offronds 
Intensity of Iight 113己ゐre I After I Growth 
叩 ItureI cu1ture I rate 
(Lx) 1 (cm2) I (cm2) I 
3，000 1 12.00 1 29.74 1 148 
2，000 1I 9.35 1 21. 64 1 132 
1，500 1 8.5ゆ 15.04 I 75 
1，∞o 1 11. 0ゆ 15.35 I 38 




Exp. I (use f1uorescent and infrared lamp， dur. of irrad. 10 hrs.， exp. 17， Jan.-2， Feb.， W. T. 10士1'c) 
Areaof dronds 
yo 抱ht1そ町二Tそ乱ml G12;h 
叫 0品;Ur;rFx刈) 1 (悦おね;| i名?潟f鴻a| あ加1 I R巴吋耐州d“岨dis恥h;川1川 fi加ron凶削d出“仙州t位白刷h凶1討i
7.5ω11 9.1ωo I 1η7.4初7 I 19卯o 1 S釦ome哨h加1羽at臼re吋d凶dis血h 1
5.000 1 7.26 I 12.63 
3，0∞ 1 10.04 1 比例 1 149 1Norrnal 
Note 
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は 1日10時間の照射とした.





























実験方法は縦約 3m・横約 2m・深さ約 2.5mのコンクリート製水槽に海水をみたし，こ
の中lζ5L容無色ガラス壌に 3Lの海水(予め脱脂綿で誼過し0.01%NaN03を添加〉を入
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;j|:jiJjitiljlili 90 i Surface 80 1 9.50C v li Bottom 
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本実験の趣旨ができるだけ共試ノリの個体的な性状の入りこまない数値を得るととを目的
とするものであるから，以下主として Table28によって考察する.
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Table 28. Growth rate calculated from Table 27 during the co-existing culture. 
Date of |…uuuof i|0m l KMmlk山 mNo.ofexp. I culture ?!E竺of竺TL Growth|u-Growthiu-GrraotMehi | Mean 
1st-31st ~7， JaU・ 3 I 3.90 I 戸、守 耳目ー 、 5.04 I I 2.78 
2.98 2.75 
2 I 25th-35th 2BU329，E3 JIdhF問田叫eh J、I 1 ib 6. 15 4.47 5.04 3.75 2.78 I 2.55 
4.28 3.47 2.30 
司~ T_ N 
6.15 5.04 2.78 
3 ha;FL2.j 4.62 3.47 3.64 
今置土'~'L.
3.44 2.42 1.54 
4.28 3.47 2.30 
4 127，Feb.1 f 
1 3.44 5.53 2.42 3.38 
8.85 4.24 1. 27 
3.44 2.42 1. 54 
|位nω 1 8.85 5 9，Feb. 5.80 4.24 3.79 
5. 10 4.70 3.36 
8.85 
6 4.70 4. 10 司~，~づaaEarh. 
4.32 








あろうと考えられる.第 8回 (3月 9日-4月7日〉の結果には更にとのことが明瞭に現
われている. 1m下・ 2m下のものの生長率は第 8回と殆んど同ーに近い値を保ついてる
が，水面のものは急低下しその数値は前二者に劣ったものとなっている.第 9回 (3月19
日-4月17日〉の結果も同様であるが一層その傾向が強くでている.
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理由は乾物 19rIζ相当する量のノリを7"C及び 13'Cの海水に浮べ， 150W電灯を 2時
間照射して発生する酸素量を測定した処によると， 7'Cの時は 20.08 cc， 13'Cの時は
26. 39ccであった，即ち温度 1'cの上昇により1.5ccの発生酸素量がふえたことになる.
ノリ葉体 lcm2の乾物重量は 1.0-2. Omgであるから，平均1.5mgとして 100cm当りの
酸素量に1.5 ccJgrをなをしてみると， 0.225 ccとなる. 温度差 0.6'Cではこれ以下の
酸素発生量の差となるのでこれによる影響は問題外であるとした.
よって温度の差は考慮せずに Table29により実験の結果を検討するに，まず実験 1(12 
月27日〉ではノリの単位面積当りの酸素呼出量は水面が最も多くそれより水深を増すにし
たがって少くなっている.その状態は水深の増加とともに殆んど直線的に減少する.











































































































































































































































































2.70 36.00 100.0 IExp. 28， Feb.， 2.~5~-::--4.05 p.m. 
Weath巴rsometimes rain 
36.∞ 
2.41 31. 30 31. 30 86.9 
1.0 77.9 
( Surf. 9. 5'C 
W.T. ~ 
l Bel. 6m 9.2'C 
24.98 69.4 Am. c10uds 7 
37.7 Trans. 2.6m 
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0.0 1 2.11 
33.52 33. 18 1∞olEXP玖 Mar.， 1. 50-
5.6 1. 84 32.84 I 3.50 p.m. 
0.5 
1. 56 32.50 ' 32.50 
銘 ol MIMe 
W.T. 
1.0 1. 24 
28.84 28.83 5.9 1. 70 28.81 
JV 
2.0 1. 30 27.66 27.66 83.4 IAm. c10uds 0 
4.0 1 
1. 71 27.14 27.14 81.8 IITrans.3.5m 
6.0 1 1.21 
23.73 13.73 71. 6 IWave slight 
100.0 11EXP9， M払 10.10-0.0 1 9.6 1. 29 13.44 13.61 9.8 1. 35 13.78 12.10 a.m. 
0.5 1 
12.5 1. 67 13.36 13.66 8.6 1. 20 13.95 
1.0 11. 7 1. 51 12.90 12.95 
V 
8.7 1.13 12.99 
2.0 9.4 
1. 14 12.13 11. 92 i 87.6 IIAm. c10uds 2 
10.5 1. 23 11. 71 
4.0 1 10.9 
1. 24 11. 38 11. 34 ! 8331「rans45m10.0 1.13 11. 30 
6.0 1 ilWavecalm 
















実験 IV( 3月29日〕の時は快晴で実験 IIのような光力不足による異常はみられず， ノ
リの 100cm2当り酸素呼出量は従来のものと同様水面のものが最大で水深を増すにしたが
って低下している. その値は水面で約 33ccであるから実験1よりかなり減少している.
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が， しからば栄養分の供給と老廃物の排除が同程度l乙水流を必要とするものであろうか.そ
れとも何らか違いがあるものであろうか.(VII)節において行った実験によると水流は貧栄養
















































Table 30. Growth of Noi-frond in the wasteful medium of cultural excretion. 
(e坦'p.20， Dec.-5， Jan.， W. T. 10:f: IOC) 
1 Ratio of 1 Area of fronds 1 Series of ~:."_"~，::_-:.' 1 .~._~. ..~..~ 1 i conωnt- 1 ~_<" __ ，. <"L_.. ， "'__...L'_ Note ¥ ~~tî;;"- ¥ :&:~~~e _ ¥ AfteYL . I Gr()~th ¥ 
.lQ.I..lVJ..l|叫tureculture1 rate 
1 (cm2) 1 (仰2) 1 
¥ 4 ¥ \1~r9 ¥札5¥ 138.7 ¥ ~~ m蜘 mof 10 L sea water in which 
~ 1 OhJ 1 引・~ 1 o~v. ， 1 50gr of Nori・frondwere cultured in 
(medium)|61309| 位 5 1 肌 o1 由ytime only.) 
for day) 1 v 1 ~v. J 1 …~ 1 ov，.v ¥ Add: O.01 % NaNO叉ωeachm吋 um.
10 1 37.8 1 86.5 1 128.0 1 Change of water every other day. 









(A similar medium to above but 
cultured in night time only.) 
Treatment same as above. 
















































































































































































ものと，毎日塩酸により pHを 8.2に調整したものと， 0.01% NaNOaを添加したものと
三種を設定した.表に示した通り NaNOa添加のものは正常に近く生育し無操作のものも死
滅することなく僅かではあるが生長を示している.同時に測定した pHを見るに無操作のも
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τ'able 32. Gro明thof Nori-frond in culture medium without chang氾ofwater.
(exp. 20， Dec.-5， Jan.) 
A.rea offronds 
Tr四 tment I n_"___ ，. "._ ，-.__....L I Note I Before I A仇er I Growth I 
culture Iαlltuτe I rate 
I (cm2) I (cm2) I I 
a. Untreatment 48.0 I 64.0 I 33.3 I Yellowish ∞lor deepened 
b. Adjust pH 38.4 61. 5 60.2 I Color tone weakened 
c.AddO.Ol<y. '"'0" I "'"'' I '"' A I NaN03|28.062.0 121. 4 Color tone improved after 3-4由ys





積 160cm2 (葉体 6枚〉のノリを拡げて日光を照射した場合の pHの時間的変化を示せば










]0 Co '0 1.20 "'0 .，。 JOO JIO -'120 m1n. 
Tim巴inhours 
Text-fig. 12. Change of pH value of culture medium by solar radiation. 
(Experiment began at 12-30 a. m.， 18th March. Weather fine， Water temperature 22-17'C， 
Ar巴aof Nori-fronds 160cm'， Quantity of sea water 200cc.) 
実際に漁場で海水のpHがこのように上昇することはあり得ないと思われるが直射日光を受
けた場合にノリの葉体のごく周辺にはとのような変化が起っているとみなしてよい.海藻に
よる pHの上昇はATKINS4)などによっても観察されている処で，緑藻により Tidepool 
の海水の pHが数時間の日光照射によって10以上になったと報告している. この pHの上
昇は排出されたアルカリ性物質によるものもあると考えられるが，主要な原因は同化作用に
よって炭酸が消費されるためと思われる.従ってその上昇の速さは日光の照射によって促進




Table 3. Variation of alkalinity of culture medium under irradiation of 100W electric lamp 
and various water temperature. 
Water I Duration of I Quantity of 
temperature I irradiation I Nj10 HCl consumed 


















Irradiated with electric light 
and agitated once 15 minu-
tes 
Irradiated with electric light 

























Table 34. Effect of change of the culture medium on the growth of Nori-fronds. 
Exp. 1. Sea water only (exp. 10-31， Jan.， W.T. 10oC) 
1 Area offrond.s 
Changedmdim i|BGfom|AnerlGroJIF|Note 
1 culture 1 cultur 1 rate 
ー 丁下面E了了(函2)ナ一一一丁一一一
Every day il 9.04 1 18.88 1 108.8 1 Color tone relatively good 
Every other dey 7.96 1 16.16: 103.0 1 
Every 3rd day 1 6.56 1 11. 04 1 68.3 1 Color rather fa必d
1 ，~， I n M I .， ~ I Color tone bωame wor.se since Every 4th day '1 6.76 1 9.92 1 46.7 1 ! U.IU I 7. n.. 1 'tU. I the second change of w抑 r
Every 5th day ，j 7.12 I 9.96 39.9! 
No伽 nge 1 ω 8. 67 I 4. 7 I Almost decolぽ凶，no vitality 
Exp. I Eutrophic s飽 water(added 0.1 % completely decomposed faeces and urine). 
(exp. 16， Feb. -5， Mar.， W工 10土 IOc)
1 Area offronds 
Change of medium 1 Before 1 After 白明白 Note
|culture 1 culture 1 rate 
I1 (αn2) I (cm2) 1 
Every day :1 40.5 95.4 I 138.0 1 Color tone good 
Every other day I1 42.2 I 104.3 1 147.2 
Every 3rd day "25.2! 62.0 I 146.0 
E酌ve叡釘町rη')刊3
Ev 巴町ry5t白hday !i 34.7 i 6耐8.1 96.3 



















u一(_3j_ y ~ -?- (但し s は両面の表面積即ち 2l~_ ___i 
一¥ s ) φ2 k1 ¥ がは拡散の常数，水では 4.5X IO-G } 
この式によれば所要水流は海水中の栄養分の量の白菜に逆比例するもので，例えば海水中
の燐の含量が Iγ!Lから 0.5γ!LI乙減じると，q!s=lO-lO gr!sec・cm引いま d=4cmの形



























? ? ? ?
2.00 
1.00 
。 10 10 JO阻/・田 。 '0 ... "，0 _1. 
Velωity of current Velocity ofcurrent 
Text-fig. 13. Effect of water current upon ab唱orptionof P32. 
最が多い.しかし P吸収時間〈即ち培養時間〉の短いもの(実験Iでは 3時間，実験 1で
は2時間〉ではある程度以上流速が速くなると殆んど吸収量が相違しない(実験Iでは















































Table 35. An example of actua1 survey upon the change of ve10city of water 
curr巴ntby an obstacle. 
Observation position 
A 
Depth of water ca 2.5 m i 
B 
































Text-fig. 14. Parts of observation of water current near a Japanese medake-hibi. 
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Table 36. Growth of Nori-frond under stagnant water current. 
Exp. J (streamed for 8 hrs.， and stopped for 4 hrs.) (exp. 3-17， Feb.， W. T. 12士1"C)









Before I After 
















Exp. IJ (str伺 medfor 6 hrs.， and stopped for 6 hrs.) 
Nori・frondscuItured in les than 15cmjsec water current are injured on the margin of frond into 
a reticulum in 3-4 days. And after a week，∞lor of the middle portion of fronds also fades and loses 
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Mataunaga C1ty 
聞atsWIIIP Wan 
{/ . .. ."，¥ 







































































































































































































































70 48 Current strong at water route 








Surface 28')' /L 
Below 2m 28')'/L 45 
80 27 F100d 
80 17 
85 1 
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Table 38-1. Water temperat町 eand specific gravity in winter at Onomichi experimental ground. 
(Observation by Onomichi・branchof Naikai regional fisheries research laboratory， 














12. 1 1. 0240 
Jan. 11. 2 1. 0240 
10.6 1.0240 
自rst 9.7 1.0238 
Feb. S氏。nd 9.8 1. 0240 
last 9.8 1. 0242 
first 
1 
10.2 1. 0241 
Mar. second 10.6 1. 0242 
last 11. 3 1. 0242 
Table 38-2. Meteorological data ofOnomichi experimental ground in winter. 
(Observation by Matsunaga Meteorological Observatory， m悶 nof 5 yrs.) 
Month Decade 
1 
Air temp. Durationof|vel刷 yof solar radiation 1 wind 
自rst
1 
1. 8 (m/sec) 
Dec. 1 second 6.5 5.8 2.5 
last 8.0 3.3 2.2 
first 4.7 4.8 2.5 
Jan. 1 second 4.0 4.2 2.6 
last 4.6 4.4 2.7 
自rst
1 
2.9 4.4 2.6 
Feb. I second 4.0 3.0 2.5 
last 5.3 4.0 2.3 
自rst 5.9 3.8 2.2 
Mar. 1 sιζゅnd 7.8 7.1 2.8 
last 7.3 5.7 2.9 
Table 39. Crops of Nori at Onomichi experimental ground. 
(Result of the growth experiment which shows the efl"ect of sinking Nori-hibi into water in various depths. 





1 Date of harvest 
Depth of sinking 1 
i11， Jan. 1 29， Jan. 
Surface 1 1.∞9 (gr) I 748 (gr) 
Below 30 cm 1 983 1，028 
Below 100 cm 1 731 738 
Surface 1 695 1 832 
Below 30cm 1 715 720 















































Table 40. Mutual relations of favorable conditions in wat巴r飽mperature，light， nutritive source 







1 Weak 1 劫 und制 i w鈎 k 臥恥cel胤~ I ~_~~~.l~~U'" .::~~_ 1 Scarce 1 Medium 1 Excellent ..① ・・・②
..③ 
..④ 
Medium 1 Excellent 






Color fades， and stifl トー⑩
・・・⑪
..⑫ 
Note: 1) Light-一一、tong'means that of early spring;‘weak' that of winter. 
2) N・source-一一‘abundant'm回 nsthe eutrophic condition ;‘scarce' that of the ordinary 
open関awater. 
3) Water current--‘strong' m<伺 nsthe velocity of国 30cmjsec;加吋ium'ca 20 cmjsec; 












水温:光:栄養分:水流=30:10: 35 : 25 
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SUMMARY 
The laver, Porphyra tenera, 'nori' in Japanese, is extensively cultivated in Japan, 
where dried laver, prepared in the form of thin sheets, is beloved as a delicacy and 
one of the most popular foods. In many coastal areas of the country, inhabitants earn 
important part of their livelihood by engaging in the culture industry of this seaweed. 
The laver farms are distributed along the Pacific coast, and generally located in bays 
and inlets, but especially in the Seto Inland Sea, they are limited to the estuaries at 
the mouths of rivers. The growth of laver is affected by such various environmental 
factors as water temperature, salinity, nutrient contents of sea water, etc. The author 
investigated into the reason why the laver farms in the Seto Inland Sea are located 
exclusively in estuaries by comparing the hydrographic conditions of these farms with 
those of the laver farms in Korea, in which country the laver farms are mostly located 
in those inshore waters where no stream empties. It was recognized through this in-
vestigation that, in the Seto Inland Sea, the growth oflaver is controlled by water cur-
rents no less than by water temperature and nutrient contents of water. 
The author then studied the effect and the optimal range of each of the important 
environmental factors by carrying out culture experiments mainly in the laboratory 
and partly in the field. The results of these studies are summarized below. 
(I) In the Seto Inland Sea, environmental conditions of the offshore waters are 
unsuitable for the growth of laver, because water temperature is relatively high (about 
lOoC in the winter or the peak season of laver's growth) as compared with the optimal 
temperature range for this seaweed (i.e., 6-1 OoC), and because the concentrations of 
nutrients in sea water are rather low and very changeable (Tables 1,3,4,5, and 6). In 
contrast, in estuarine waters, water temperature drops in the winter, water is rich in 
plant nutrients which are supplied by the river water, and moreover, water currents 
of favorable velocities are developed (Tables 7, 8, 9 and 10). It is in these waters that 
laver farms are located. 
(2) When water temperature is high, growth of laver is greatly affected by water 
current. Water currents transport nutrients to, and remove excreted metabolites from 
laver fronds. 
(3) In estuaries laver fronds are exposed to changing salinities. When laver fronds 
are experimentally exposed to a sudden change of salinity, their growth is accelerated 
if the time of exposure is very short (less than 15 min.), but retarded if exposure lasts 
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longer (Table 12 and Text-fig. 3). 
(4) It was found, through the transplanting experiments from the Seto Inland Sea 
to Korea and between the localities in Korean waters, that laver is rather tolerant to 
the changes of environmental conditions (Tables 13 and 14). 
(5) The velocity of water current suitable for the growth of laver ranges from 15 
to 30cm/sec, but the optimal velocity varies in relation to other environmental factors 
as well as the condition of laver frond (Table 17) as indicated below. 
( i ) Optimal range of current velocity is narrow for young fronds, but becomes 
wider for older fronds (Table 17). When fronds are growing thick, they require rapid 
currents of velocities nearly 30 em/sec (Tables 18 and 19). 
(ii) 7 em/sec is the most suitable current velocity for the spores to attach. After 
attachment, however, growth is equally good within the velocity range from 7 to 
25 em/sec (Text-figs. 7 and 8). 
(iii) Rapid water currents have ill effects upon the growth of laver frond at low sa-
linities; at the specific gravity (p 15) of 1.018, optimal velocity is 20cm/sec (Table 20). 
(iv) Optimal current velocity for the growth oflaver varies very markedly accord-
ing to the nutrient contents of sea water. It is about 20cm/sec in the ordinary sea 
water, but greater velocities (nearly 30cm/sec) are required if the concentrations 
of nutrients are lowered by diluting ordinary sea water with the NaCl solution of 
the same salinity. If ordinary sea water is enriched by adding nitrates and phos-
phates, water flow of 15cm/sec is sufficient for the best growth of laver. In the sea 
water enriched by adding ripe manure, laver fronds grow equally well over the vel-
ocity range from 5 to 20 em/sec (Table 21). 
(v) At favorable temperatures (below 10°C), the range of suitable current velocity 
is wide (i.e., from 10 to 30cm/sec). When water temperature is relatively high (10-
140C), especially when nutrients are not available in sufficient amounts, rather rapid 
current (30cm/sec) is need. Laver fronds do not survive longer than 2 weeks at the 
water temperatures over 16oC (Text-fig. 9). 
(6) Growth of laver frond is affected also by light intensity. The growth incre::tses 
with the increase of light intensity up to 10,000 lux, although the rate of the increase 
differs according to the light source (i.e., the spectrum of incident light). However, it 
seems that there exists an upper limit of suitable light intensity. This is inferred from 
the results of the growth experiment in which laver was cultured at different water 
depths throughout the growing season: the growth was best near the surface in De-
cember and January, but the zone of best growth moved downwards as the sun light 
became stronger with the further progress of the season (Tables 23, 24 and 25). 
(7) The roles that water current plays in controlling the growth of laver are con-
sidered on the basis of the results of various experiments. 
(i) As was shown in Section VII of the text and mentioned in summary (5) (iv), 
water current of nearly 30cm/sec is necessary for the maximum growth of laver 
frond if concentrations of plant nutrients are low in sea water, while a current only 
5cm/sec is sufficient if the concentrations of nutrients are high. It seems therefore 
that the lower limit of the current velocity that is necessary for the maximum growth 
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of the frond depends on the nutrient contents of sea water. On the other hand, it 
seems that there is an upper limit of current velocity which the laver frond can tol-
erate physiologically. Water currents faster than this limit do not have favorable 
effect upon the growth of the frond (Text-figs. 12 and 13). 
(ii) According to the results of the experiments in which laver fronds were cultured 
in the medium which presumably contained the external metabolites of this seaweed 
in excessive concentrations, it appears that the metabolic wastes of the laver, once 
liberated into the sea water, do not have any harmful effect upon the growth of the 
frond (Table 26). The culture medium employed in this experiment was the one in 
which laver fronds had been cultured in high densities; after these fronds were re-
moved, the medium was enriched by adding nitrate and phosphate and used for the 
experiment. 
(iii) When laver fronds are cultured without renewing the culture medium, their 
growth is retarded. The harmful effect of such a culture condition is ascribable to the 
deficiency of plant nutrients, the rise of pH and the growth of bacteria and other 
microorganisms, rather than to the accumulation of laver's metabolic wastes. The 
rise of pH, which is particularly remarkable (Text-fig. 11), is probably due chiefly 
to the consumption of carbon dioxide as a result of photosynthesis rather than to 
alkaline substances which laver fronds may excrete (Table 29). 
(iv) It is concluded from the foregoing evidences that, from the viewpoint of the 
growth of laver, the major function of the water current is to transport dissolved 
plant nutrients to the fronds, that current velocities of 10-30cm/sec are needed for 
this function to be fulfilled, and that water currents of such velocities automatically 
accomplish such other beneficial functions as checking the rise of pH, removal of 
metabolic wastes, etc. 
(8) It was deduced from the foregoing results that in the Seto Inland Sea commer-
cial laver culture need not be limited to estuarine waters and that other parts of the 
Sea can also be utilized as laver farms if there is suitable water current. In order to 
test the validity of this idea, laver culture was conducted on an experimental scale in 
the Onomichi Suido (Text-fig. 15) where the inflow of fresh water is very limited and 
commercial laver culture had never been attempted. According to our preliminary 
survey, the meteorological and hydrographic conditions of this strait did not appear 
unsuitable for the growth of laver. The results of this experimental culture indicated, 
as expected, that laver can be cultured commercially in this strait (Table 39). 
(9) The over-all results of the present study are presented in a condensed form in 
Table 40. This table shows how the variations in the four important environmental 
factors (i.e., water temperature, dissolved nutrients, illumination and water current) 
affect such qualities of the laver frond as color, luster, toughness, flavor, etc. In ad-
dition, the relative importances of these four environmental factors are evaluated from 
the viewpoint of the growth of laver fronds, and the result is expressed in the form of 
the ratio as below: 
water temperature : illumination : dissolved nutrients : water current 
= 30 : 10 : 35 : 25 or 35 : 10 : 35 : 20 
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It is hoped that this ratio， although it is a crude approximation， will serve as a guide 
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